In this paper, is presented a mathematical deduction of a new improved model for heat transfer calculations during fluid flow in single-phase inside tubes. The proposal model was verified by comparison with available experimental data of 35 different fluids, including water, air, gases and organic substances. The proposal model is valid for a range of Reynolds number for single-phase from 2.4 • 10 3 to 8.2 • 10 6 , Prandtl number for single-phase from 0.65 to 4.71 • 10 4 , dimensionless length in the interval 2 ≤ ⁄ ≤ 450 and values of Petukhov's correction in the interval 0.006 ≤ ⁄ ≤ 177. In 3096 data analyzed, for < 1 • 10 4 , the mean deviation found was 13.91% in the 80.32% of the experimental data, while for 1 • 10 4 ≤ , the mean deviation found was 13.96% in 80.94% of experimental data.
INTRODUCTION
Currently, heat transfer calculations for turbulent fluid flow within straight conduits in single-phase media are made by the Dittus-Boelter equation, or by the improved version of SiederTate [1] . This procedure is a requirement for the evaluation of industrial facilities or production equipment. A drawback of these equations is their high dispersion value, reaching compute errors close to ± 40 %.
At the Moscow Energy Institute, Petukhov and his collaborators constructed a model based on experimental quantity adjustments, using the Prandtl analogy as an adjustment function [2] . This equation gives results with a lower margin of error, and allows us to estimate the mean error by the dimensionless number of Prandtl.
≤ 200 < 5% ≥ 200 ≤ 10%
Although the application of the Petukhov's Equation is more laborious, the results obtained have a minor dispersion, therefore, a smaller safety margin in the design calculations.
A major drawback is its applicability range, because this is only valid for a fully developed turbulent flow regime, 1 • 10 4 < , and is not valid for the flow that operate in the transition zone 2.3 • 10 3 < < 1 • 10 4 . This problem was later solved by Gnielinsky [3] [4] , who modified the Petukhov's Equation, adjusting it to experimental data that do take into account the transition flow zone.
In the literature can be found an important group of works that facilitate the calculation of heat transfer inside of straight tubes with turbulent flow, this is mainly associated with the changing nature of the turbulent flow, which hinders the development of analytical expressions. This element makes it necessary to resort to the experimentation and subsequent adjustment of experimental quantities through the theory of dimensional analysis.
METHODS AND VALIDATION

Analogy between heat transfer and momentum in single-phase fluid flow inside pipes
The Darcy friction factor allows determining the heat transfer coefficient , by analogy between heat transfer and momentum. The shear stress in the turbulent boundary layer is composed of two terms [5] :
In Equation (1) is the Reynolds stress; * is the fluctuation of the instantaneous velocity in the coordinate axis x;
* is the fluctuation of the instantaneous velocity in the coordinate axis y.
The instantaneous velocity and are determined as:
For turbulent heat flow, it can be considered that the total heat flow q
In Equation (3) there are three temperature references, which are: 
In Equation (6) , is the mixture length of the thickness film 2 of the momentum in boundary layer. Similarly, transverse fluctuation * is admitted to be of the same order of magnitude * but opposite in sign, [6] :
Combining the Equations (6) and (6.a):
Equation (7) can be transformed to:
In Equation (8) is the momentum turbulent diffusivity, then:
To find the relationship of the term * * , with the mean local temperature gradient, a similar method is applied, in the form [6] .
In the expression (11) is the mixture length of the energy in the thickness 3 of the thermal boundary layer, then:
In the Equation (12), the term = − 2 ⁄ is the heat turbulent diffusivity. Substituting Equation (8) into Equation (1):
Dividing by the density to both members of the Equation (13) and taken the derivative ⁄ as a common factor [7] [8] , then:
Substituting Equation (12) into Equation ( In Equation (16) , both members are divided by the product of the density and specific heat at constant pressure . Dividing Equation (17) by the Equation (14) is obtained the basic relationships for the fluid flow inside of tubes [6] [7] [8] [9] :
In Equation (18) , the kinematic viscosity and the thermal diffusivity are properties of the fluid, while and are properties of the flow.
Development of one linear model for convective heat transfer calculation in single-phase inside pipes
Development of the new model for to calculate the convective heat transfer in single-phase inside pipes is a complex task. Initially is taken the criterion established by Prandtl, which considers that the flow is divided into two zones, a viscous zone and a turbulent zone. In his analysis Prandtl makes the additional assumptions that in the turbulent zone the molecular diffusivities of momentum and of heat , are negligible in comparison with the turbulent diffusivities, ≫ and ≫ , so they do not intervene in the process. It would be very useful for such a purpose to assume that the relationship between molecular diffusivities and is equal to the relationship between diffusivities and .
Since the dimensionless Prandtl number is a relation between diffusivities, then the previous assumption is fulfilled [10] .
Clearing and in the Equation (19):
Substituting Equations (20) and (21) into Equation (18) If the Prandtl number Pr is taken as a common factor in Equation (22) , it is reduced to [11] : 
Resolving the integrals present in Equation (24) and grouping conveniently:
( )
In Equation (25) the terms 0 and 0 * are taken on the surface. It is known from the fluid mechanics courses that [10] :
The Darcy Equation for surface is:
Equaling the Equations (28) and (27)
The shear stress 0 on the surface is given in the left term of the Equation (29), therefore, clearing it, can be obtaining the expression that allows determining the shear stress 0 on the surface [12] .
The mean drag coefficient is taken as a quarter of the Darcy friction factor
Then, substituting the Equation (31) into Equation (30)
The quantity of heat transferred is obtained with the Newton's law of cooling [11] [12] [13] .
Substituting the Equations (33) and (32) into Equation (25):
Clearing the mean heat transfer coefficient
Equation (36) 
Equation (43) was later modified by Dittus-Boelter [15] , where, the exponent 1/3 from the Prandtl number was substituted by the constant n, which takes values of 0.3 and 0.4 for cooling and heating respectively. This action broadens the area of applicability of Equation (43) 
Deduction and development of the proposal model
If it is considered that = 1 ⁄ , then = and the Equation (23) 
Clearing the mean heat transfer coefficient in the Equation (56) and grouping conveniently is finally obtained 
The velocity on the edge of the viscous boundary layer V1 is determined with the aid of the law of velocities distribution for turbulent flows, applying the Schlichting Equation [22] :
Clearing the velocities of the left member in Equation (59), we obtain that: Equation (62) is the starting point for the development of a new model that allows to obtain the coefficient of heat transfer in single phase. This includes a smaller margin of error with respect to the existing models and with a greater range of applicability.
To consider the effect of the variation of the fluid physical properties along of the tube, the Equation (62) is affected by the factor of correction given by Petukhov [16] [17] [18] :
When an initial section of hydrodynamic compensation is not available, it is necessary to include this correction, transforming Equation ( 
Equation (73) can be written as [15] : 
In Equation (74), = 84.5 and = 116.74
EXPERIMENTAL VALIDATION OF THE PROPOSED MODEL
Equation ( Figure 1 shows the correlation between the Equation (76) and the experimental data [17] . For transitional zone, constants A and C in Equation (74) are determined through adjustment of experimental data. This correlation is showed in the figures 2 and 3 respectively.
For the turbulent flow regime, the constant D is deleted, while the constants A and C in Equation (74) are determined through adjustment of experimental data [22] . This correlation is showed in the figures 4 and 5 respectively. Table 1 provides a detailed description of the new proposal model for transition and turbulent flow regime.
The proposal model covers a greater range of validity. To show its effectiveness, a correlation is made of the values obtained from the use of Equation (74) and the experimental data available [22] [23] , dividing the range of applicability into seven subintervals of validity and then the average error rate is determined. The results obtained are determined by determining the percent of average error. The results obtained are summarized in Tables 4 and 5 . and 0.65 < Pr ≤ 4.71 • 10 4 , the proposal model correlates with an average error of 13.91%, in 80.32% of the available experimental data, then, the obtained adjustment is considered excellent, very similar to those obtained by using the Gnielinsky Equation, which should be clarified that it cannot be used for Pr> 2000. It is also observed that for values of Pr <200, the average error obtained is 6.96% for 90.42% of the available data, which brings it numerically to the 5% reported by Gnielinsky. so the adjustment obtained is considered to be excellent, very similar to those obtained by using the Equations of Petukhov and Gnielinsky, which should be clarified that it cannot be used for Pr> 2000. It is also observed that for values of Pr <200, the average error obtained is 7.12 % for 88.35% of the available data, which brings it numerically to the 5% reported by Petukhov and Gnielinsky. Table 2 provides a detailed summary of the range that shows a satisfactory fit with the correlation proposed in the present work. In this work, the experimental data used in the validation of the developed model were extracted of the critical review available in the reference [22] , which provides one large data base of experimental data compiled on heat transfer calculation during fluid flow in single-phase inside tubes. Table 3 provides the available experimental data used in this paper.
In Tables 4 and 5 can be appreciated that the Equation (74), is as accurate as the Equations of Petukhov and Gnielisky, allowing a wider range of application, while the results obtained are very similar. In the acknowledged literature was not found antecedent of a similar model with a wide range of validity. Therefore, the proposed model constitutes one contribution to the state of the art, on heat transfer calculation during fluid flow in single-phase inside pipes. Figure 6 shows the correlation between the proposed model and the experimental data reported by various authors. 
